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(54) LINEAR MOTOR, DRIVING AND CONTROL SYSTEM, AND MANUFACTURING METHOD THEREOF 

(57) Abstract: 

PURPOSE: A linear motor is provided to reduce leakage 
from a flux passing through a gap between pole teeth of 
an armature, and to reduce a magnetic attractive force 
produced between the armature and a moving piece. 
CONSTITUTION: The linear motor comprises a first 
member(101) and a second member(102). The first 
member(101) has a first polarity pole with first facing 
parts(11a) and a second polarity pole with second facing 
parts(21b). The second member(102) is held between the 
first facing parts, and the second member is held 
between the second facing parts so as to move relatively. 
The first member(l01) comprises a core and windings(4) and the second member(102) comprises one among 
a permanent magnet, a magnetic element, and a winding or combination of a plurality of these items. 
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£ 8a ifl*l £ 9b°f| Sa<H-H, * 1 4^*|*1 (Ps)4 7)1 2 4^*1*1 (Pm)2l fl-fr f-^SMl 47)4. Sife cf = 
7)1 f^. 4 i ^ (p s )«q. 4 2 4^4*1 (Pm) 3 St* 4iMl 4<S. ^4^(7)4 44*1 4°1 

°)| 4-8-4fe 444fe *44 5S14. 

£ Safe all 1 JM# 2711 3! IS. 4t4fe ?HI tfl4^ ^^5>^^4, *{| l 4^7|) a|U 414^ 

447M4. £ 9a°)]A-)^ Tfl 1 JMI# 2711 ijlls 434*. 27fl2) 2 <g*)144fe ?H1 tn*H « 

qt\%<m, *n i *4* 4^711 414°) 4^ 7 flsi ^ 2 4*111- <y*ii44^£ 4«4*M4. 



£ 18* £ 8a°)l 44M)fe eH^E^ £«fl£-» 44M14. 4^(i, 2 )4 44*1 (11a, 12b. 21b, 22a) # 
7)144*, 44(1)4 44*1 (11a, 12b), 44(2)4 44*1 (21b, 22a) # afM^ o.3.*l t)) i ^flf- 7)1^44. 
34. * 43 444 #4 7^ 442) 44*1# <a*l]44 = sfli7}^H atf-M^lfe as. 7]-444. 314 442) 4 

4. 44*1* 3*1144 = 5)1^444°} 2fM*lfc 35L 4444. X]Xl7|^(14)fe 711 1 47t)4°)l JL^t}jL, 7)) 2 4 

^l* 44, 443. *H44. S.^ 44Sfe 442) 44(£ ^-f 4444°1 4 £7))f- 44^4. 



£ 10a M)*) £ lObfe 4 4^2) 4* -ii43«H 2)4 7)1 1 471)2) *!!Hplsl 7fl4£o)4. £ 10a £. lObfe 7)1 

1 ^-7fl# 4711 434*. 27112) 71] 1 ^Hl. 140.3. 4*. 4B|*1» Pe)- 4 "fl. f-4(RUS) 4 0 13 9i34fe 7)1 1 

si x>4*l2) 2)*14(kP) {(k = 0, 1, 2, •••)}. °14(H«i) 4°12) *]34fe 7)1 1 JjLjflSl 44*12) 3)*14(kP + P/M) 

{(k = 0, 1, 2, -). (M = 2. 3, 4. -)} {kfe 0 J^Sffe 7)1 1 JjLzflsl ufl^) 7}^ flfl^-H 7.^1-7)1 ^d«l*>fe 

£E]2l S>fe 2^21 ^q<H£E]s] ^la||Al# i^-El-^cK S. lOafe 7)1 1 ^fls] A A J fl-* Aet S.7)), 

B^{^^ 21^V B H} 171), A A o\ B^2] Hfl^l, £ lObfe *H 1 ^"71)01 A AJ- A ^._ B ^ B Aj-2) BflAlolcf. 



£ 10a, £ 10b2> H°] ^(4^)^ ^ 1 JjL*])!. *><sl BflSlto.S.^, €■ ^^<^1 ^^H^lfe eiqol2.^7> €4. 

£ 10a, £ lOboil Til 1 ^7fl# 47II M-'SsH 271)21 a)) 1 ^M* l^s. « B)q<H£e)# 44m»£.q-, ^)1 1 

JMI* 4^71) allS 4<1*H£ "}t7l7|cf. 5. ^1 1 ^-7l)l- 4^7)) 4<aS}oL 4^71)2) »| 2 ^-7)|# n> 

£ 11* ^ ^^2) jg^^Aj^ »| 2 ijLaM cflS}^ Cf^. ^A|^Efl* 44>di4. £ 12fe £ 1121 Jg^^ai *fl 2 -^-71) 



£ 1H sg^:^^ #*h^|o, o^^o,) 1-^^^*1(13)1. ^^14^. 7)) 1 jmis) tfl^si 4^42) 7>oi<hi 
^^ M o v *°)l 7f7i7i*j-oi ^^4. ^ i-s.^ 4^*1(13)4 afl 1 jmi«s) cfl^s) 4= 7>oisi 47)7^^ 

7j"7H^)o] 3g3a-«.(16)4 71) 1 ^-7)12) Efl^S) 7>^- A>o)Sl 47)^*^4 44. °1 7>7]X)^S) °1 

■f 7^s* 7)1 2 ^7||7> €4. *)7H i-^tv 7V^*i(i3)# 7j-4^aos ^ji, Jg4-^(16)°)1 'S^H* ^^l^s. 
^ 4^-^ 7)) 2 JMis. 4fe ^£ 7^44. £ 44^)(13)# 7j-^Aj^)s. 3§4^-(l6)» «14^^ls. 4fe 
2:^-0.3. 4°^£ #4. 



£ 12o)| ojolAi, ^(35)<H) 7J-4^«D( 36 )4 B)4^^(37)l- a^*4. 5. °3 743 -§■ ?*«M£ #4. 
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S. 11, 5L 12°fl 444. 4 2 47fl(6)*r 44^4 tH 5E4 ^ltl^S. 44 (£4 7j-44*fl» D fl^^ 4 

4£ #4. £ 144*1 4 3444 444451 #4. 



£ 134 4 414 4€- 441 3H si 4 344-51E14 7)1451-1 44\54. -£ 134 4444 ^1 2 471)3.4 44 °§ 
44*1(7)4 31444 ^4(57) 4 444 4 414 4413H1 cfls^ 4144. £ 13 o)| sio^, 4 2 47H 44 
1444(7)4 31444 44(57)4 444 °fl44. *ll 1 47)14 44(4)4 4444<H) 44 7fl4 444 *)1 
2 471)4 44(57)4 4^4(514 Ag^)^ 4*140} 4443] 0)f . 4^ ^7)4 7W7) | 3. 

o.3.*| 431 444^ ^o] 7>444. 



£ 8°11 44314 44 *)1 2 1444(7)4 444 344 44 4 1 JMS) 44(4)4 4443. 4451 44 

*)1 2 4*114 cg^H(7)4 4h4 *fl l 47)14 31444 44 44°fltr U(44H344 4#)4 4^44. £ 130H 4 
43)£ 44 44 *H 2 44 1444(7)4 31444 Aj.7] 44(5 7 )-g. 4440. 3.*) 444^ nflo)] atf 1 "jfl 

4 * 2 JM 44°fl 444fe 4€H34 &44fe 5:47]- ?J4. 

£ £ 13°fl 444. ^1 2 44(57)£ 444 "WItt #*H*H(58)# 4444 44 44(57)4 444^ 2 oj 

44 444*14, 7 M4*II(58)# 4444 »J0. 44 44(57)4 444*=. S4 4 ^ (careless) € 44*1 (*43«J 
4*144^51 4) 4^444 447>444. 



£ 14tr 51 13°)H 44^ *fl 2 4 7)14 44*114-1 24 4445143 4 44*dl4. 51 14a^ ^1 2 4*B(6H A 
4(5144 44 A4 £4)4B4(5144 44 B4 £4)4 44 (57)«>1 »1)44 7)145144. £ I4bxr £ 14a4 7)1 2 
471)4 4 l 47B4 3144* 7Hfe 444 444°1I *W 444 444 44\S4. £ I3»fl 44\« W * l MS) 
^^(4)* 2)^-44°fl 21* 7114 €^21 7>47l] i\JL, $7) 13^(57)0)]^ ^^H4°)»l(^l 2^- 

ol* 4^1* 7>4°1 ^ 1 -¥-^4 ^ 2 JMfc Aj-cfl 6)^^.4. 



^4 4^1fe ^-¥-44^14 a44ji 5a 4. 4^-21 44*l*r 4^44^)4 S7)4ji 0^4. 



£ 15a, 15bfe, S. 13°D4 44^ ^1 2 ^-^11(6)4 €<1"II4«- 3^ elM^SLElS. 4 44^4. £ 16a, £ 16 

b^r £ 15a, £ 15b*M 444 ^ 2 ^-^1(6)4 444 ^(^)^# 2«fl5. 4 4€- -a^Hl- 4444. £ 15a, £ 15 
b, £ 16a, £ I6b°)l 5U44, S.= ^ 2 ^4 44«ti*]» 34 £Me14 e fl°14. 714*4421^ £ 13°H4 4^ 
4 ^J4 *444, 471 44(57)<Hlfe 44h4 <3 I^(£^ ^4)3.4^1 34 °14 4t1)# 7>44 ^ 1 4tI4 ^ 2 4^ 
4cfl 4*44. £ 15a, £ 15b, £ 16a, £ I6b°fl 444, 34 444 44 £4f">lH 44 U ^ U, 44 V Si 
V, 44 W Sife W4 S7l4i 44. s. £. 14a, £. I4b4 447HS. 44 44^1^ £4^ 444444 S.714 
3. 5U4. 44 44*1 £ £44 444444 S.7]^sl 44. 



£ 174 4 414 4^1^^4 eli-MS-E-H $i444 4€- ^)12:4 , 3* 44«fi4. 4 ^11^4^4 44(4)4 7 D l 7lr 4 
41. 444 44, 44 44*1(1 la) 4 31444 44 44*l(2lb)4 44 *H44ji, 2^4 ffl^l 4^144 44 ^1 1 
tfl444 441(101)4 ^14 7j-^ofl 4«n ^12:4^ 4^44. ^fl 1 c)1444 44) (101)4 44 444 «H*144. 44 
^1 2 cfl444 441(102)4 44. 47l ^11 1 tfl444 441(101)4 4?1 4 2 H1444 441(102) 44°ll^ 444 
4(32), sji=. (33)4 4444. 444 (2n- i)4^fe ^1 1 31444 44)°fl 4^, (2n)4^^ ^1 2 31444 44H 
4^ ^11 1 47)1 # 4^4^ 4^71- 44. 



a 44 Til 1 31444 441(101)4 44 t)1 2 31444 441(102)4 444°.s. 4444 7)144 ^4 4^444, 
44 44(4)4 44S.4E1 ^5L4 44 £^4fe 7>444. 
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o)± 42] *a*lH tfl*)H.£ XI 2 4X13 $4f^*t 4X1SH S^ol 7>444. 

£4 £ 433 4*1$ 313.4 24. 34 hH-HSEH tfl*H ^^Sti^, 44, 5-* f-3 44 eMo^E]^ 0)44 
4 £14. 

£ 4 413 ^Ai^Efls.^ eiq<H£El<Hl cflsH 4 T S'4$.<>4. °1 44$e)13 X] 1 4X14 XI 2 4Xlfe *il i 47fl3 
€4(4), ££• Xl 2 4X13 44(57)4 44°fl 5L4441- *#fl.S.3.4 XI 2 4X)7} 4<fl 44 °l*4fc 44$ 
em<H °J|^lclEis.Ai 0)44 4 5»|4. 



£ 21a. £ 21b^ X| 1 4X1* «I134 4 4 t o'3 44$ Of- 4444. £ 21a^ 4=4$!: SW^l Xl 1 JM ( 

3)4 X| 2 4*11(6)3. °1^44fe 714443 7|]4* 4444. £ 21bTr -8-71 71444* 27fl tjjls «1134 ^^r 4 
444. 443 * 1 4X1(3)4 443 7)1 2 4X1(6)3 44* HXlS 4tSU, 471443 Xl 1 4X1(3)* -H^U 

4?1 442] 2 4X1(6)* 7}%<L3. 4* 434 €4. »H 34°1 *ol4X) 44 443* 4^4 4 514. a 4 
t«3. *I1 2 4X1(6)* ^s|JL, Xl 1 4X1(3)* 7|f»£ 4* 3E 7>444. 



E 22* 44 a ti33 4* 44°))* 4444. £ 22a, £ 22b* Xl 1 4X13 144(3)<>1| 44* «U34* 3* 34 
4 43* ^844 4 4.2.4. £ 22afe 444(3)3 XI 2 4X1(6)3 <*J*MI t34(4)# 443 44s Bfl*l 

* ^* 44M1i. £ 22b^r €4(4)* 2?13 443. 4°1 144(3)3 43H ,444 ^o]4. £ 2 2a3 3*fe £<3 

s] 44<>H a.o> 44s 44 6 l 4014.2.4 »££i 44 *m 4 4 ^4. £ 2 2b3 3*fe £€3 4£°il4 a©! 
4*>3 *4°1 3o]4£4 443 4*11* 4X1 4 4 $J4. 



£ 23a. £ 23b^ X| 1 4X1(3)4 444* *8«S *Mp}2. «)13)4 43E* 44^4. £ 23a* 44(4)4 43 
4* 2X13 144<H) a fl^l€ ^J* 44M1J1, £ 23bfe £ 23asl £ (flsH 1 A J4 4^s) $ 

^o)] fe 442] ^^(4)-^ 9»*ol ^}o]4. ojofl 2i4oj ^ j ^.^(3)^1 ^^(4)^1 

s. 24^ XI 1 His. «fl^l4 4€- «IHa «H*|)3] ^-ai^ 44hE4. 

£ 24afe €^(4)^1 Hfl^lSlfe «-a4[Xl 1 ^-^(3)121 -f- 7}£n}[*\] 2 -f-^(6)°J 7>-f-7>S.^-El £ ^) ^1 e) 7j- ^4 

a «11^£|jl. a 27fl2l «-a^*H €tf(4H «fl^l€ dJ* 44^4. s. 24b^- 1^^[X1 1 ^-4(3)] 

21 71-^cii 71 ei 7}- ^-4a m*na s^.s.^. 4^s(E^H^fe 4^h)si Ta^(4)oi ^4 nn*ija ^i# 4 

4hE4. oh 2140=1 ^ ! JMI(3)*1 i A tlT-t «H^14^£ t3^!(4)21 7>^-s.^ m*l7> 7^«fl^!4. 

£ 25fe XI 1 ^X1(3H 4* -tt*H# 44"€4. £ 25°fl 44M1^- 44 £ 13°)M1 44Mi €tf(4)4 1 

(5) o.s. oi^oi^i^ ^44^. tfl^isH £ 25^ ^tis. 44\B 7>4(»b)si 7^1^ (55)4 «**| 

4 ^A|^Efloi4. o] ^Ai(4)<>l #€-8-4X1 S|H£, t344 34 ^4°) #€-8-4X1 sl<>l iL%°] 444 

4. 

£ 26-S- XI l JMM 4€- -844* 44^4. s. 26^- £ 253 44^eH°H4 444 ^^^(SS)* 1^#(3) 
2] 440H B fl^4 ^o)4. £ 26^ 44\« 7>43 44* 4^( 2 7il)fil <^44^(55)# 44^ $14, 

ol ^-f £ 44(4)ol 44^4X1 S|2.s 44* 34 41-8.4X1 S|«H ^4ol4 sl^o) 4444. 

£ 254 £ 26°fl 44-dl "3^44* 4*ll44ol t^*M£. 7l4^j 4 444elfe 4^4 Jl471 401^4. £ 47] <^ 
^4*1-1- 7>4^]2l si ah 4^01 44Xl44ol €4. 
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* 27a, £ 27tnr 4 2 44(6)4 444 444 44 3444 4(4^444 444) 44^4* 44\S4. * 27 
b^r 444tt 4 2 44(6)4 3(Skew)4 * 27a^ 3444 44 3 (Normal) 4 4444. * 

27dfe £ 1144 44"£ 4444(13)4 344(4^444 444) 514, £ 27cfe 3444 44 4 (Normal) * 

44««H4. a <34444 44^44 44^4 »| 2 44(6)4 $444 34444* ^« £44 2444. 343 
*s.4 4 SUM 4 444 434** 444^ £44 Si 4. 



4-* 414 44 44, 4 414 4433H 444 4 £444 4443-4 43.7} g-o].^ 4.^*1 s| ¥4444 ^>n 
4 4 544. £ 4 44^44 444*444^ 4 2 44 (6)4 44 4444 444fe 4434 4 2 44(6)4 4 
4 4444 444fe 4434 -§-44j1, £4 4°J34 444fe 444 4014*3 444 i-9J4£ aj.©^ 
4. ol 444 4 2 44(6)4 4 l 44(3)4 44*1 444 4°J3* 44 4 4 5a 4 444^(14. 15)4 44* 
44 4 4 44. £ s«H 44 444 4 A 4 444 44 44 4444 0)444 44444* 4*1144 444 
^4 44 444 4*11 4 l 44* 44 444*3.4 4 414 444*4* 444^ £t 4* #31 42:4 ^ $4 
4. 



4 14444*r 4* 44 444 34 4444. ^, 

(1) 4 l 4*1)4 4 2 44s 4444^ 444*434, 44 4 l 4*114 44* 4 1 0144* 44fe 4 1 4-^4 
44-4 4 2 til 44* 44 4 2 4-*34 44* ^4 4 2 4*114 44 4 1 4444 44 44 4 ^, a 4 
4*11 2 447} 44 4 2 01444 ^14 4444 431 444fe 444*4. 

(2) 4 1 4*114 4 2 44* 4444fe 444*4*4, 44 *fl 1 4*114 44 4 2 4*1144 4£444 44 44 
*11 2 4*1)4 44 44444 44444 4444 4014 4 4 444^ 444*4. 

(3) 44 (l) £b 44 (2)4 $444, 44 4 l 44£- 4 A J4 44*3 4^44^, 44 4 2 44*r 1444. 4 
*34. 444 4^44, 4444 434 2-44 4*1) 4^Hf 444*4. 

(4) 44 (l) £fe 44 (2)4 5444 44 4 1 44¥ 44. "34444 44*3 4^44^. 44 4 2 44fe 1 
444, 44*11. 444 411^4, £fe 4444 43-4 244 444 444*=- 444*4. 

(5) 44 (1)4 5444, 44 4 2 4*114 1444, 44*34* 444 44 3444 4 444*4, 

(6) 44 (1)014 44 (5)4 4* 44°fl 444, 44 4 1 4*114 44 4 2 4*Bs. 4^-44^ 444^44 44 
4 1 4*1)4 44 4 2 4*1)4 40)44 ^44 4^4 ^44^ 444 =1 *Jit 4h«15>^ 4444 43^44«± 
if-sz. 4^44^ ^-s. 444^34 444^ 444^4 4*4^SS. 

(7) 44 (1) 44 44(6)4 4h 4-44 $444, 44 4 1 4*114 44 4 2 44S- 4444-b 444^44 44 
^-4 4^1^44 «4s. 4444^ ±€ 4H 444^ E J4 4*J4fe 444*4 444^^. 

(8) 44 (l) 44 44 (7)4 4^ 444 $444, 44 4 1 444 44 4 2 445. 4444^ 444S44, 4 
4<=44«44, 44 444*44 44444 344ji, a ^4^444 4444 44 4 1 444 4 2 444 4 
444 44-44* 4^Rr 4^:4 3L44fe 444s. 4^44fe 444^4 ^^4^ 444*4 ^*li^. 

(9) 44 (1) 44 44 (8)4 4^ 444 $444, 44 4 1 444 444 2 44s. 4^44^ 444*44, 44 
*44" 44. 44 444*44 *sfe ^#4^1, a #^#44 4444 44 4 l 444 4 2 444 
444°J 4^-44* 4^4^ 44* i44fe 444s 4444fe 444^^4 4 A J4fe 444*4 444^ 6 J. 
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(10) #7l (i) vfl*] # 7 | (9)* 5a°H. #7) 4 l 43|s)- #71*11 2 43)s <>14<H7lfe elM<H£El£l 31 
em°l£El. 

(11) #71 (1) iflxl #71 (10)* <Hi= *1-4<H1 Sa°H #71 7)1 l ^fls} #71*11 2 43).sL o^o^ ^q<H£ E ^ a)] 
S#1H SU<H^1, #7l 3l 1 4*1)21 ^#-2, 7 D V7 D 1M 0 V*^ Ais. £nfl3. £ 27))Sl £#-g- * <U #7l«H Htfll ^ 

(12) #71 (1) ifl^l #71 (11)* *>qofl °HAi f # 7 ] all 1 4^7H v+ISlJl, ^31^1- P 2} 1- ufl, o]^5) 
31 1 4*1131 *}^*12}.21 3)^11- ( k . p + p/M) {(k = 0, 1, 2, -) , (M = 2, 3, 4. •■■)} {^7H k ^ oi^sl-^ 

31 1 4*1121 «l]*)7Hr ^ <H1 7-HH-Tfl 4, M£ 5Ll]2\ #^}S. S>fe e)M^£Ei. 

(13) #71 (1) HI*) #71 (12)* *W) $i<>H, # 7 ] *11 1 JjMH- ^711 M-ISH ^Sl 7)] 1 J^l* l-S-O.S 
S}J1, ^-Bl^ll- P51- £ nfl, *# A>o|2l o}*js>ir 31 1 4*1)2] 7V^^l^Sl 3l*)-I-( k . p) { ( k = 0 , 1, 2, ••)}, °1# 
A\o]2] <Jl*)5Br 7]} 1 ^flo} ^AlSffil 3l*l#( k • p + P/M) {(k = 0, 1, 2, -), (M = 2, 3, 4. -■)) (k^r £3 

31 1 43)21 Bfl^7>^- ^o)]^ 7-I-B-1-711 #?»£ ^ o}^ ^, M-& iEl^l ^ }S _ t}± ^0]3_^_ 

(14) #71 (1) #71 (13)* O^ SW^, 7)] 1 *| 2)- #7] 7)] 2 43)2} 7f^Sl*]i- * 
2J&, 3L^r S^S. SV^ 5lM«>l£El. 

(15) #71 (1) #71(14)* sl-uH flo^. #7] 7)) 1 ^-7fl2l 7ji|)t #tfl ol*s^ ^1 2 ^-T-fl-t *l7lSRr 
*]*M4* ^lo-}^ elM°l£El. 

(16) #71 31 l 4*1)21- #71 31 2 4*fls. o^x^ eiqoisLEisl t]|2;#»]o)| flo^, # 7 ] 3| 1 43)21 «fl^l 
l A d42l- #71 t)1 2 4*1)7V ?i$i -8-^ls)^ tfl£4# 7Hfe 7}^# *)* <t|«f| 3l#o"H aH*Hr 

B] l-M 5- El 21 3)2:#£ 

(17) #7] 31 1 4*1)21- #71 *il 2 4313. 01^.01^1^. BjqoisL^s) ^ili^^ofl s|<H>^, #?1 Tfl 1 ^-7fl«4 #71 Tfl 2 4 

*B2l #ffl °1*#^1 Cflc}ol #c>« G V^ £^ 2l-^#^O.S. #71 7)1 1 If- 71)21 ^Aj-g- ^ 3l#S)jl. #7l 7)1 1 

4*1)21 ?l*d-g. €4J4°11 #*1 411 3l#t.V 14]^. eiqoiiEi^ ^^u). 



(18) #71 (l)ofl X)0)7i, # 7 1 eluHSE-l^ 7>H^15. ^7l7><2}-, O] ^7^H1 44 s<a4, °1 *d7)*>7> 

t*S*>fe 7}#o)| #^-^-o.s.^ #71 *i7)^s} #cn^j 7Hr$ 7>*7Vs. oi^-oiT.]^ eiqoia.E-is.7i #7) eiq 

OlSE^ CfAl #71 ^7^1-21 ^SO) ^o)| ^}7l2j l^Sli, #71 7>*7>2^ 0|*#S^o)| cflSfal Cfl?f ^al#*^ 

S. 31 1 ^ ^ 31 2 ^O-S. ufir-ol a))<l^. ^2) z}^?)^, # 7 ) ^7l7>2l cl-^21 ^ofl z\7]m>.3. Jl, # 

71 7)*7}21 0]^-#^o)l C)l5>al cUBf ^3l#*J=0.S 7)1 1 ^ * 31 2 M-¥<H «B^«: 4€-^2l 7.}^^% 7^U, 

#71 ^21 7}^-^^ 21 7)1 1 £21 *H**1 2f #71 Cf^o} xV^-^<a2l 7)1 1 £21 7V^-^7>#7l 7V*7>2] ol^-Hj-S^ofl 
CflS>ol HnflS. UfllSlJl, #71 ^21 7>^^1121 7)1 2 £21 #7] Cj-^21 7.}^x}<£2) 7)1 2 £2j 7^*l7l- # 

71 7l-*7>2l ol*#^o)| cflS>0l HOIS UfllSU, #71 ^ #71 4^21 Tfl 1 £21 7^^)14 #7l ^ ^ ^- 7 | 

e)-#^2l 7)1 2 £21 7>^^l<i2l #0)0)1 AJ 7 ] 7l-*7}7l- tifll^ SiqolfiEl. 



(19) #7) (18H 5l°lA-l, #71 7j7l7V, #71 SO}, #71 £^ ^ Aj- 7 | ^ = ^0, ^^OJS. Ol-ol^^ ^7]x\ 

44*11 £15>ji, q-3l*H-pel-^ nfl, °l^s>^ ^7)7)- -fi-y2i #71 #q-*i<a42i 3l^ll-(k • P + P/M) {(k = 0. 
1, 2, ••), (M = 2, 3, 4, -)} {k^r £3 ^AA "1)^171-* ^21o)|^ #-^1-7)1 4 S)^ 4, M4 S- 

E121 #^)s. sffe eiq^^Ei 



(20) #71 (18) M)7l #71 (19)* Ol- *f£o)l OjolA^ #71 37)7}, #7] ^Oj, #?1 * £€-^2l 7V^^<gS. ol 
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^o]^}^ $7}*} -fry* 4^71) 414:4 cf^fii 3714 l$°-2. *H 4^*1-1 t "fl, 4# <?]3 
4^37)4 4^21 4^*]<i43i n)*1-f ( k - P) {(k = 0. 1,2, •••)}. °1# 4°1 2} °J34fe #7)4 -frysl 44*1! 
421 3l*]»(k • P + P/M) {(k = 0, 1, 2, -). (M = 2, 3, 4, -)} {kxr 91%*\t= 334 4^2} "flin^ "32H 
3 444 ?1) 3«|«- 4 Xl^r 4. M-& 5-321 #4)S 



(21) #3 (18) M13 #7) (20)4 3^ 44°fl SU°1-H, #71 334, #71 s<a, #71 tV^ ^ 4€-43 44313- 3 
433^ 333 -S-ysl 44313 s|*14 #3 7l-§-42l 44334 41&. 4^- a^s. 4£r e133£4 



(22) 4^*03. ^€ 337>4, O) *}7l*H 4"T" 33 ^34, #7] 33371" g>$44 3#°)1 444^: 7>^*}3. O) 

43 3 s, #7] 7>-f 4fe 3.7$ q o.s 3333 #71 37)371- #cfl^ 34 7)-§-4 333s.e)3-3, #3 2)335- 

Em 43 #71 3343 $^3) 4^o)) Z}7)q<L3. #71 7>-f-43 Ol-f^o)] tij\i\o) cfl^ ^2]« 0 V$0..sL Tfl 

1 4 ^ 7)1 2 4-°-3. 443 «H14 443 4^*) £4, ^71 # 71^21 4€43 4^o)l 47] 3 O.3. ^^JI, 4 7) 7> 

443 34#4°fl 3)43 <34 43#4-°-3- *)] 1 4 ^ *)1 2 4.°-3. 443 "1114 4143 44314 7>^U, # 

71 443 34313 711 1 4°) 7^^)4^7l 4^43 44*113 Tfl 1 tfS) 4434 #7] 7l~§43 34443 cfl 

43 Hcfls. «H<lsl ji, #7) 443 44313 ^i 2 43 44*14 #7l 4€-43 44*113 t)1 2 42I 44*113 

#71 7j-§-43 3444°fl <fl43 HtflS. afl^SlJl, 47] $a ^ ^ 7 ) 4^^^ 3) j £3 44*1 <I4 47] $4 rJ tj. 

€-43 t|] 2 £21 44*113 40H #71 7H*44 ufl^ia 3M3S-4 



(23) *HS*|S 37144, #71 3 71 40)] ^ijL 57^4, ^-71 3337> 4*3 4fe 4#3 444^.3-3 #7l 

37)44 #tfl2j O.S. »1^ 444 7>^4s. 3433£r eiqolaeisi ^^#^0,1 ^ 7 i7>4, ^ * 4€ 

^21 4^4, tv^ ^ 4^21 4^*1^^: 2Jsl)si-*!; 4^-R-^A5.^ 5i«fl ^.^ ^144^, #7l ^14 

4^-B-y# 2:^7.|^1 AJ. 7 ) Q^Ojsms. El^ol^Elol ^a#^. 



Ol#^- Jl^WS. 7)1 1 ^-7fl4 7)1 2 ^flsL ^l^-Ol^^ eiq<HiElSAl, >JJ- 7 l *)1 ! « 7 ))7l- 2)ol£ Tfl 1 7H 
^ Tfl 1 7f44 ^)1 2 Cfl^-¥-# 7>Xl^ ^1 2 ^fil 4^* 7HJ1 AJ-71 ^ 2 a 7fl7> >£ 7 | ^ t tfl^o)) °- 

^ISlJi, a ^-71 7)) 2 ^^7f #71 ^)1 2 tB*^<Hl ^lS]ol Aj-cfl ol-£4^ 74 o S ^vci-. a o v 7] ^,1 j a ^4 

#>d±s. °}^o)7.]m t #7) 7)1 2 $-4$= ^^44, 7HJsil, t3^s) 4<a*^, 2ib 4^^^- 7flsfil 3isfl 

4. oH 2l«fl 37I42I 4^*1 4°121 44^- ^I4fe 7}^o, sH ^7144 7>^4 4°H 4715- 

°J^^- #711 SHr ^o) 7^«fl34. 



'S^-'5l s.4 

£ t'g'Hl sl4£ 44-4 4^]si 4^* ^14fe 4421 Y^* ^ ^1 4°1 37144 7>-§-7V a>ohi Ag 7 i^ 44^.«a^^ 
4t11 siqolaEl ^ a ^U-^-g- ^1^ ^ i(4. 

(57) >j ,•• ••! 

^T 1 * 1. 

^1 1 47114 7)1 2 47BS ol^^lfe elM^aEl^, 

#71 ^1 1 471)71- ^<>l£ *)1 1 tfl44i- 7\t]^ *\} 1 7}44 n] 2 cfl441- 7H^ t)1 2 ^^21 441: 7>^jl, 

#7) ^11 2 47l)7> #71 7)1 1 Cfl^4°11 71^ 4^151 3. £tb #71 *ll 2 47fl7f #7) 7)) 2 <fl44H *|4fl 44 si <H #«fl o) 

-f 4^ 5!* 43 ±2. 4fe 2lM°ia-El. 
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2. 

^7} XI 1 -^Htt ##±3. <$7) 2)) 2 ^-2fl^ <3?^, *H3*fl. tf^fr, £tt 

XI llM Xl°H. 

4^*^ X)£-2l sl*H iMJ*Hr 
4. 

xi i*<m 5a°H. 

^■7] 2)| 2 JM|*1 <3^*H. #*MJa|* »fl*ltf "HI ^A>xl7Jl $ 3* ^Hl-os s}^ em«Ha3. 

^T 1 ^ 5. 

tf?l all i ^-Tflsq- ^7i ^ 2 °1^-»1*1£ eiqoi^sl ^siJ-'jj'l 5,^, # 7] A l JMfe ^H^i-fr 

^lcKa, *sfe x)^-Sl 3.0)1 2\n 51013 ^sKr ^-g- 0.3 s)-^ emol^el. 

2)1 i ^.2flP4 -*7i xi 2 JMls. °l-¥-<H*lfe e^cH-E^si xiab^ofl fl°H. A oM XI l ^-Xls} tfsj'JJ-** 

AlS. SViflS 271121 t^a)* ^9Jl>y O.S. <a*l*H ^3 Tq^o)| ^-§-3)3°)) f-^^oq ^ 

^3.2.3 eiqoiael. 
XI liHl SfloM. 

2)1 i JjL2l|t- 4^7)1 4°JeU, pel- % pfl, 2)) i JM|fi) *H**l*|-si sq^i- (k . P + P/M ) {( 

k = 0, 1. 2, -) , (M = 2, 3, 4, -)} W*! kfe tl^fe XI 1 -¥-21131 ufl*l7l-^ *#°\)*\ ^fl-Xl -g^tf ^ 91 

XI l^ofl 5fl°H. 

^-7] 2)] i jm« 4^7)1 cH^S) 2)1 i ^l- i^-°l3 *U, pel- % ifl. aW3 oi^svfe XI 1 

7>^^isi-2l s)*l-i(k • P) {(k - 0, 1, 2, •••)}, °]<$ Al-OlS] °J;*jtsRr 2)1 i 2fl£l 3l*l#(k • P 

+ P/M) {(k = 0, 1. 2, ••), (M = 2, 3, 4. -)} {kfe 0 J^S>fe Xl 1 ^-X]3] ul|*|7}* «Sfl<HM ^-frf-Tfl #qi£ ^ 
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#7} 4 i Jf 7fl2) *Rs}*la}- #7l 7)1 2 ^fls) *>^3|*H- 5h<LiiL sl-fe ^3.2.3. el^SLEi 
^t 1 ^ 10. 
*)) 1*<H) 5U°H, 

#7l Tfl i ^fls] ;gifl.§ ^-cfl oi^-e}^ 4 2 -¥-7))# x|*lsRr x|^]7i^# nt*lsHr 3-1- eiq^^. 
11. 

t)1 i#°fl &°H. 

#7l Biq^aE^ T-MJaflS. ^71^, O] Xj7|^<H] ^ #7j O) ^7l7,}7f ^#<H1 #-g-#iL 

S.M) #7l ^7l7>Sl- #cfl3 ±3. O]^- 71-^VS. 01^.(^X1^ ^°\3.^3-*\, 

#71 eH^SLE^ 4*1 #7] #7)7}°] 7^<H1 7>7|a]^S l^SU. #7l 7}%7}°) O)^^} cfl^H Hl^ ^ 

*!##i>S Tfl 1 « 7)1 2 4^f<H H)l<a^ 4^*1 <§ 4, 

#71 X)7l7f2l t\^3] 7.}=$6\} 7} 7 )*)°-3. ^S)JL, $7] 7}%7}S\ o]-§-##o)] tfl*M ^ ^#^0-^ 7)| 1 £ ^ 
7)1 2 #^JL uj)<g$- 4^-^21 7}=$%)^ 7>XlJ7, 

#71 ^fil 7>^xl<lSl 7)1 1 #31 #^13 #71 Cf^S] ^Wl^l 7)) 1 ^2) 7}^ %\7\ #?1 7^#2l 0]f.lg-^ofl 
EH*H HOIS ufllSU, 

#71 *H*2] 7\^*]<£«\ 7)1 2 £3 XV^X|S1- #71 4^t3 2^ 7^%]7} #71 7}%-X}2\ ol^##o)l 

#7) ^ #71 C}^^51 7)1 1 ^21 7^*1 <§4 #7) ^ * A 0 V 7 1 *fl 2 #3 #^*l!Sl A>Ojo)| #7l 7> 

afl<a^ 3}^ s-xj 0.3. s> fe eiqoiaEi. 
^# 12. 

7)1 n#°)i sa^T-i, 

#71 *j7l7>, ^71 #71 ^ ^ #71 4^21 ^Wg-S- ^O^Itt #7)7,} -^-fr 4fc*fca. ^*1» 

pel- #7)7.} -fr^s) #71 71^7)145) 5lxll-( k • p + p/M) {(k = 0, 1, 2, -), (M = 2, 3, 4, ••) 

} {ktr "Jl^Sfe ^)7l7> -fr^ Bllxl7>^ 3flo|M 7>^-f-7fl ^ei^ ^ safe ^, M-& SLE^ #^)S. ^°)s.^. 

13. 

7)1 ii #0)1 5a°H, 

#71 ^7l7>, #71 #71 «^ * Xl-^-xllS. Ol^-Olx)^ X)7l7f ^- 7 fl t|<leU, C^Sl #7)7} 

•a-^ir l#o.S s>2. ^B)*l» P4 ^ nfl, "f# #<=1S1 Sl^mr ^7l7> -B-^JSl xf^xl^^Sl 3\x)^( k ■ P) { (k = 
0, 1. 2. •••)}, °l##<>lsl ^7)7V 7j-^x]<i2l-fil slxll-( k • p + p/M) {(k = 0. 1, 2, •••). (M = 
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2, 3, 4, -)} {kTr 91%*}$: &]*} -ft^ W?}* «8*HH 4*f-7fl ^ 5U~ <r, M-cr 5LEJ4 ^)3_ 4 



^t 1 ^- 14. 

#4 4714, #4 s<a, ^-7) 4^ 5j *R4£s o]^^^ #7)x} -fry 3 44*l!fil B)*)4 #7] 7>-g-4 

4 44^1 *1# £fe 4€- #-2.3. 4- 2144S-E1. 

15. 

44*1)3. ^§44 47144, °1 34 *H 44 S^Sf, ^71 4^4- 4*cHI 444~ 7H£43. 

4-S, Aj-7i 7 ]-^-4fc ©.a 443*14 ^-71 44471- 4cfl3°.3 4-f- 7l~£4 ejMcHs.E-ls.Ai, 44 e|i-H.EEl^ 
44 

44 4443 4^4 4^-ofl 443^3 1^5)J1, 44 7)~§-44 ol^-W 0 V*j:cHl tflSH cfl4 ^2)^0.3. X) 1 4 « 
Tfl 2 42-3 4t<H 81)44 443 444^4. 

44 4443 4#43 44°1| 47l^0.S. l^jl, 44 7>-f-44 4*HHH lfl44 tfl4 4344°.3 *Q 1 £ « 
7)1 2 4-23 4¥4 atil* 4^-44 44*144 7>X]al, 

44 444 4^4<g4 ^ ! £4 4=4444 4#44 7R444 Tfl 1 43 44*l7>44 7>f-43 
tfl*H 3-^3- »1)4£U, 

44 443 7>4443 n] 2 43 4444 44 4^-43 7V4443 all 2 431 4444°1 44 7>443 4^44 
ofl tflsH HfllSlJl, 

44 44 $ ^7] 4 €"43 711 1 43 44444 44 44 * 4^-^21 Xfl 2 44 44443 A\o)6% 44 7\%7\7\ 

^4 16. 
Til HM S144, 

44 * 1 47-113 44344 44 X) 2 4*1)3 44344 44&-23 4 34 8}r E)34£4 

^4 17. 

7)1 i Til 2 *jfls °l*4*)fe e)q<>ls.Els4, 44 a i 47)14 44 »] 2 47B43 4£4-§-°il 3*11 44 4 
2 471)3 431 °lf-444 ^41MM 4<H43 4^344 443c 34 4^^s 4fe ^M^i^. 

18. 

Til i7*J-ofl 5i^7i, 

^•7] ^1 1 ^M-sr €7d^s. fi^oixui, Aj. 7 i ^) 2 ^-^life ^^44, 7Hj^i, tMajsi 4<a^, 4rf4 
qs.su a^ofl 44 ^jjfe ^J^- 4*3.2.3. 4fe &1 q 42- el. 



- 15 - 



71)^-5) ^-2002-0029293 

19. 

XI 17%X| ju°h. 

*7) XI 1 Mfc ^a* o jl ji. ^71 XI 2 *X]*r *MJX1, ^fSf, 

4rf^ XI3.S1 atfXI tM§*Ht 3* *3-2.S Sfe eN 0 !^. 

20. 

7)1 171MI 5fl°H. 

#7] X| 2 JM|S] #*Mi** Hfl*|*. X)o)] ^A>^7)1 * *3 A3. 2H<H-5UH, 

3^*21. 

XI l ^Xlsf X| 2 JMs. °lf-<H*lfe eiq<Hi^s^, 

Xl l*M7}q*\S.Hl H| *■«?■» 7>x)fe Xl 1 =l^2) Xl 2 7>*ltr 7)1 2 7^-g; 7W2, 

^•71 »| 2 -#71 XI 1 tl|$JM #*|S| 3. ^7| XI 2 YXW *7) Xl 2 Efl*^ -fr^S|<H tftfl "1 

3^*22. 

XI 21*41 5U°H, 

^71 >n i <$7) xi 2 ol^<H*lfe eiqoi^Eisi. xM-f 4 hwh8H>i a+s °l^<>Wfe 71* f-H XH 

^l^* ^S§i}± S-^IO.^ 2lM<H£El ^-g-Ali-g. 

3^*23. 

XI 21**1 SW*!, 

XI i JM*I- *7l xi 2 JMs. o]jf.oi^fe EiqoisEii^, h^s)., ^1 emo^i] -fi-^tf-a- 3# 

sj-ai, a slTlsH *7l xi 1 XI 2 *<W?i 7.R3*1# ^sRr ^tf-fr £**Hr X|«H-¥- 

3^*24. 

XI 21*°)1 5a<H*1. 

*7l xi l *7ixi 2 ^-Xls. ©i^-oi^fe eiq<H£E-lS!}, jsHflseHu «2K *7) el^HseH jrei=. 3=.^ 3 
#e>ji, a *d?r3**H 2)t1sH *7) xi 1 xi 2 JM*1 *<Woj ^fl*)* ^}*Hr XH 

^^25. 

*7] XI 1 **mW XI 2 ^-XIS ©1*<H*1*=- elM©^*! xl^#<?H sa°H. *7l XI 1 Jf7))sl T^Ajoi ufl^Hl^ 
^7) XI 2 ^-X|7> -R-^lSlfe tfl*^-* 7Hfe ^H-^-t 3# 7 ^<hi s)«g £^ X]^*M 5!* 
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26. 

^7] *ii i tf-m w 2ii 2 ^ms. <>i^°Ht7 ^m<>1£ei ^ ^li'Wi su<h>h. * i ^U4 *o 2 

-tftfl 0|^-M o V^0fl cfl*)-0^ tf4»g-$ JE^r ^^.O 5. ^7} 2)1 1 ^-2flSl 14)1- 4^3. *II4*K31, ^ V 7] 2)1 J ^-21) 

Si €^d# t^ofl 'rttSM ^ v 7l ftfl *)14«- « A J* ^*fl#4£ ^£.3. 4fe SL^S) afla^. 
27. 

4^2)13. #7144, #7] 34*MI 4*1 3^4. ^71 ^71^7} «H4fe *HH ^* ^7) ^)7l 

44 ^cfl^^-s. 7}%-$ 7>f-4a °l*°!4fc eH<H-2-Els] ^13^41 SU<H-H. £7)44, * 4#^si 
4^4, 3? 4^^si 4^*11-1- IWt!- 4^*«.2.3.*1 q% 7^^ s\^^ 21144^, w 2114* *> 
4-B-y-l- att43 W W°)s.m ^4te 3* ^3 sls. 4fe alM^s.^ 

J££ 1 
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